Context. The T Tauri stars with active accretion disks show veiled photospheric spectra. This is supposedly due to non-photospheric continuum radiated by hot spots beneath the accretion shocks at stellar surface and/or chromospheric emission lines radiated by the post-shocked gas. The amount of veiling is often considered as a measure of the mass-accretion rate. Aims. We analysed high-resolution photospheric spectra of accreting T Tauri stars LkHα 321, V1331 Cyg, and AS 353 A with the aim of clarifying the nature of the line-dependent veiling. Each of these objects shows a strong emission line spectrum and powerful wind features indicating high rates of accretion and mass loss. Methods. Equivalent widths of hundreds of weak photospheric lines were measured in the observed spectra of high quality and compared with those in synthetic spectra of appropriate models of stellar atmospheres. Results. The photospheric spectra of the three T Tauri stars are highly veiled. We found that the veiling is strongly line-dependent: larger in stronger photospheric lines and weak or absent in the weakest ones. No dependence of veiling on excitation potential within 0 to 5 eV was found. Different physical processes responsible for these unusual veiling effects are discussed in the framework of the magnetospheric accretion model. Conclusions. The observed veiling has two origins: 1) an abnormal structure of stellar atmosphere heated up by the accreting matter, and 2) a non-photospheric continuum radiated by a hot spot with temperature lower than 10000 K. The true level of the veiling continuum can be derived by measuring the weakest photospheric lines with equivalent widths down to ≈10 mÅ. A limited spectral resolution and/or low signal-to-noise ratio results in overestimation of the veiling continuum. In the three very active stars, the veiling continuum is a minor contributor to the observed veiling, while the major contribution comes from the line-dependent veiling.
Introduction
TT Tauri stars are late-type stars at the pre-main sequence (PMS) phase of evolution. These stars are in fact star-disk systems and their spectra show several features associated with the interaction between star and disk. There are two classes of T Tauri stars, based on the degree of activity of the star-disk system: classical T Tauri stars (cTTS) and weak-line T Tauri stars (wTTS). The rich emission spectrum of cTTS is related to magnetospheric accretion of matter from the inner disk regions onto the star. Yet in the early studies of cTTS it was found that the strength of the photospheric lines is reduced as compared to a main-sequence (MS) star of the corresponding spectral type. Joy (1949) noted that this may be due to emission within the lines and due to veiling of the spectrum by an overlying continuous radiation.
In the concept of magnetospheric accretion, the veiling continuum is attributed to a shock-heated gas (a hot spot) at the stellar surface below the accretion stream. The veiling was often considered as a measure of accretion rate (e.g. Basri & Batalha 1990; Hartigan et al. 1991 Hartigan et al. , 1995 Valenti et al. 1993; Calvet et al. 2004 ) along with other indicators, like the luminosity in Hα and other emission lines (e.g. Muzerolle et al. 1998; Herczeg & Hillenbrand 2008; Dahm 2008; Fang et al. 2009; Rigliaco et al. 2012; Mendigutía et al. 2015) .
As more data were accumulated, some doubts appeared about the interpretation of the veiling origin. The expected correlation between the veiling in the optical spectrum and the brightness of the star was not found in some cTTS. For example, in RW Aur A the veiling is highly variable from night to night. However, no correlation has been found with the stellar brightness in the V band from the photometric and spectroscopic monitoring of the star (Petrov et al. 2001) . No rotational modulation of the veiling was reported for the star. Gahm et al. (2008) showed that in RU Lup and S CrA SE large veiling factors correlate only weakly with brightness. In the case of S CrA SE a narrow emission core appears at the bottom of photospheric absorptions at moments of enhanced accretion. Furthermore, when the veiling is measured carefully in every single spectral line within a narrow wavelength range, it turns out that the veiling depends on the line strength in a template of the corresponding spectral type. Stronger lines can be veiled considerably, while the weakest lines remain about normal for the spectral type. So far, line-dependent veiling has been found in DR Tau (Petrov et al. 2011 ) and V1331 Cyg . A similar effect was noticed earlier in DI Cep (Gameiro et al. 2006) . Line-dependent veiling was found in spectra of EX Lup in quiescent state, when the accretion rate was relatively low ( Sicilia-Aguilar et al. 2015) . The authors concluded that photospheric lines in EX Lup are veiled by the broad emission lines from the extended pre-shock material.
In order to clarify the nature of line-dependent veiling, we undertake detailed inspection of photospheric lines in cTTS with high accretion rates. In this work we investigate the veiling effect in spectra of three cTTS: LkHα 321 (=V1980 Cyg), AS 353 A (=V1352 Aql), and V1313 Cyg.
Observational data
In this research we use spectra obtained by George Herbig with the High Resolution Echelle Spectrometer (HIRES) at Keck-1 1 (Vogt et al. 1994 ). We estimated a spectral resolution of R∼50000 near 6300 Å from the weakest telluric lines in this region. The spectra were obtained on 2002 December 16 (LkHα 321), 2003 July 06 (AS 353 A), and 2004 July 24 (V1331 Cyg). The wavelength coverage was 4350-6750 Å with some gaps between spectral orders in the region > 5000 Å. One more spectrum of V1331 Cyg was taken on 2007 November 23 with the same spectrograph and a mosaic of three CCDs covering the spectral range 4750-8690 Å. In the spectra of LKHα 321 and V1331 Cyg, the signal-to-noise ratio per resolution element (S/N) is 170 at 5000 Å and rises to 400 at 6500 Å. The spectrum of AS353A has a S/N of 200 at 5000 Å and 350 at 6500 Å.
The spectra analysed belong to three cTTS with high accretion rates, whose stellar parameters are difficult to estimate. A summary of previous and current estimations of some stellar parameters for these stars can be found in Table 1 . The estimations of spectral type, effective temperature (T eff ), projected rotational velocity (v sin i), radial velocity (v rad ), and equivalent widths of the Hα (EW(Hα)) and He i 5875 Å (EW(HeI)) lines for each star are described in Section 3.
Utrecht Echelle Spectrograph (UES) spectra of each star were also available, from observations done in November of 1998. The UES spectra have a similar resolution to those of HIRES, but with a S/N < 100. Although the S/N is not high enough to perform the same type of study done with the HIRES spectra, it is possible to check for a change in radial velocity of the stars from spectra taken in different epochs.
The three objects show strong emission line spectra, powerful wind features, and highly veiled photospheric spectra. Typically, in spectra of cTTS the emission lines of neutral and ionized metals exhibit a composite profile: a broad component formed in the accretion funnel and a narrow component consistent with an origin in the post-shocked gas near the stellar surface (e.g. Beristain et al. (1998) ). This is the case of LkHα 321 and AS 353A, where the broad component is dominant with full width at half maximum (FWHM) ≈ 140 km s −1 . On the contrary, in V1331 Cyg the numerous emission lines of metals show only a single moderately broad profile with FWHM = 40-60 km s −1 (see Sect. 7.1.).
The most prominent lines are the hydrogen Balmer and Paschen lines, the Ca ii, Na i D, and O i 8446 Å lines with FWHM ≈ 200 km s −1 . These broad lines are supposedly formed in the high velocity infalling gas at the base of the accretion column, before the shock (pre-shocked gas), within the stellar magnetosphere. The P Cyg type of the profiles of Hα and Hβ lines indicates an extensive mass-loss (Figure 1) . Figure 2 compares two spectral fragments of the stars to show the differences in strength and width between the photospheric and emission lines. In all three objects the narrow forbidden emissions of [O i] 6300.3 Å and 6363.7 Å are present. 
Data analysis
Template spectra of non-active main-sequence (MS) stars, wTTS, or synthetic spectra are needed to perform the analysis of cTTS. In this investigation we analyse rather weak spectral lines, with equivalent width (EW) of about 10 mÅ, so we need high-resolution, high S/N spectra of template stars of different spectral type. In order to minimize the errors of measurements, we prefer to use a grid of synthetic spectra. This way we avoid possible spectral peculiarities from the real stars that could affect our results.
Template synthetic spectra
The synthetic spectra were produced by the software package Spectroscopy Made Easy (hereafter SME) (Valenti & Piskunov 1996) . It was initially used to confirm the spectral type of each cTTS, with the estimation of T eff , as well as for the determination of v sin i and v rad . Obtained from T eff and L * and using the PMS models by Siess et al. (2000) . Two sets of synthetic spectra with spectral resolution R = 50000 were produced. The first set corresponds to a grid of narrow-band spectra with several values of stellar parameters, which was used in the determination of spectral type, as well as v sin i and v rad . Then, specific spectra for each star in a wider wavelength band between 4500 and 7000 Å were produced. This second set of synthetic spectra corresponds to our templates and was used to measure EWs of hundreds of spectral lines for comparison with the same lines in the spectra of cTTS.
The spectral type determination, described in detail in Section 3.2, allowed us to gather information mainly about T eff . The usual criteria of surface gravity (log g) can hardly be used in the case of highly veiled spectra with strong lines in emission. Due to that we are assuming the value log g = 3.75 dex for these stars (see Section 3.2). We also assume a priori a solar-like metallicity
Besides the mentioned stellar parameters, SME also needs input information about the microturbulence velocity (v mic ) and macroturbulence velocity (v mac ), as well as the instrumental resolution. For the v mic parameter we assume a value that is typical for cool stars and wTTS (e.g. Padgett 1996; Rojas et al. 2008; James et al. 2006; Taguchi et al. 2009 ): v mic = 1.0 km s −1 . For the v mac value we assume a value based on the T eff value, as reported by Valenti & Fischer (2005) . The three stars have spectral types between K1 and G5 corresponding to temperatures between 4900 K and 5500 K for sub-giant stars (Table 1) . For this range of temperatures we assume a value of v mac = 2.8 km s −1 , consonant to an average T eff = 5000 K.
To create the synthetic spectra we use the Kurucz grids of stellar atmospheric models, considering local thermodynamic equilibrium (LTE) conditions. The line list used by SME to create the synthetic spectra was extracted from the Vienna Atomic Line Database (VALD) database using the "Extract stellar" option (Ryabchikova et al. 2015 ). Since we measured several hundred spectral lines, we did not apply any corrections to the log gf and Van der Waals damping parameters.
Spectral type determination
The spectral types of our targets were determined by using a grid of synthetic spectra with several values of T eff and log g. Determination of the spectral type of cTTS is hampered by the veiling effect. As will be shown below, the stronger lines are most affected by the veiling, therefore the use of strong lines in the spectral classification should be avoided. To perform this task we identified the less blended photospheric lines on several spectral fragments throughout the whole spectrum.
To find the value of T eff for each star, we identified several pairs of weak lines with ratios sensitive to temperature changes in the synthetic spectra grid. The synthetic spectra with the ratios of lines similar to those of the cTTS were chosen as the appropriate templates. Typically, the cTTS spectra drop in between two synthetic templates with 250 K difference. The pairs of photospheric lines used to determine the spectral type of each cTTS are listed in Table 2 .
Due to the numerous emission lines and the veiling of photospheric lines, it is problematic to derive the log g parameter directly from the spectra of very active cTTS. It can be estimated from the grid of models of PMS stars (Siess et al. 2000) with input parameters T eff and L * (see Table 1 ). For the synthetic templates we adopted log g = 3.75 dex. A simple test with the templates showed that differences of 0.25 dex in this parameter are not critical for our analysis of equivalent widths. For the determination of the v sin i value, artificial veiling must be added to the synthetic spectra in order to mimic the real spectra. Because the estimation of veiling also depends on the v sin i value, this process must be done in an iterative way, until the synthetic spectra lines have a good match with the real ones.
The information regarding the synthetic templates for each cTTS, based on the previous estimation of stellar parameters, is summarized in Table 3 . Details on the individual spectrum of each star can be found in Sections 4, 5, and 6.
Equivalent widths measurements
Our study is based on the comparison of EWs of several hundred photospheric lines of cTTS with those of synthetic templates. To measure the EWs we used IRAF.
2 Due to the presence of strong veiling and emission in these stars' spectra, only lines that could be clearly identified with their counterparts in the synthetic templates were measured. Regions with broad emission were avoided. In total, we measured the EWs of more than 500 photospheric lines, except for LkHα 321, where many lines are blended because of the large v sin i. We measured EWs of the less blended lines in LkHα 321 and in the corresponding template with the same v sin i.
Although the precision of the measurements is limited by S/N, the main source of errors is the uncertainty in the local continuum level, caused by the line blends of both photospheric absorptions and broad emissions. We use the synthetic template to find the adjacent points of the continuum for each photospheric line, and select the spectral intervals where the broad emissions are relatively small, not exceeding a few percent above the continuum level. The relative error in the EW of photospheric lines was found to be within 5-12 %.
Equivalent widths ratio as a measure of veiling
Traditionally, on cTTS the veiling factor (VF) is expressed as VF = EW(template)/EW(tts) -1. In this expression it is assumed that EW(tts) is reduced by an additional (non-photospheric) continuum, and the VF is a measure of this non-photospheric continuum in units of the photospheric continuum. Since we do not know a priori the nature of the veiling, we will use in the following analysis only the ratio of EWs: EW(template)/EW(tts). In the veiled spectrum of cTTS, for most of the photospheric lines this ratio is larger than unity, although for the weakest lines it may be less than unity because of the measurement errors. The error in spectral type may also result in some bias. In the optical spectrum of cTTS, the veiling usually rises towards the blue re- gion, which indicates the presence of a hot continuum (Basri & Batalha 1990; Calvet & Gullbring 1998) . In this study we also analyse how the veiling changes with wavelength.
We used real spectra of the Sun and a G7IV star (HD190248) to evaluate how large the scatter of the EW(synthetic)/EW(real) is along the spectrum. The Sun spectrum 3 was obtained by High Accuracy Radial velocity Planet Searcher (HARPS) and has a S/N > 500 (Blanco-Cuaresma et al. 2014) . The G7IV star spectrum was extracted from the ESO Archive. We assigned a synthetic template with T eff = 5000 K and log g = 3.75 dex to the G7IV star and a template with T eff = 5750 K and log g = 4.4 dex to the Sun, both with solar metallicity. The EWs of the same lines were measured on both real and synthetic spectra and the ratio EW(synthetic)/EW(real) was analysed.
We found that the EW(synthetic)/EW(real) ratio does not depend on wavelength, line strength, and excitation potential of low level of the transition of the transition. Other atomic parameters, like excitation potential of the upper level and total excitation energy, have also been tested and no dependence with EW(synthetic)/EW(real) ratio was found. The line-to-line scatter of this ratio can be quantified with a standard deviation from the average. We found that the sample standard deviation is about 0.2 -0.3 dex for the weakest lines with EW < 50 mÅ and 0.1 -0.2 dex for stronger lines. There are two possible causes for the dispersion of values: one is due to the error in measurement and determination of continuum level, and another is due to the lack of correction for the log gf and Van der Waals damping parameters in the synthetic templates. Although the line-to-line scatter of the EW(synthetic)/EW(real) ratio is relatively large, it does not affect our results due to the large number of lines used in the analysis.
LkHα 321
Two of our objects, LkHα 321 and V1331 Cyg, are located in a dark cloud in Cygnus, a few degrees north from the star forming region NGC7000/IC5070. The distance to these two objects was previously estimated as 700 pc (Chavarria 1981) but later revised to 550 ± 50 pc (Shevchenko et al. 1991 ). This star shows low photometric variability, within visual magnitude V = 12.25 -12.44 (Grankin et al. 2007 ). To date, no period of axial rotation has been reported. According to Cohen & Kuhi (1979) , this star has spectral type G1 and an interstellar extinction A V = 2.23 ± 0.3 mag. The stellar bolometric luminosity estimated from these photometric data, assuming a distance d = 550 ± 50 pc, is: log(L * /L ) = 1.42 ± 0.12. Figures 3 and 4 show fragments of the spectrum of LkHα 321, including emission and photospheric absorption lines. The emission component of neutral metals is broader than the photospheric absorptions and becomes more noticeable in relatively strong transitions, where the photospheric counterparts have EW ≥ 100 mÅ. In even stronger lines the broad emission is well above continuum, with the photospheric absorption on top of it. The emission lines of ions have no photospheric counterpart and display a triangular profile.
The comparison of the LkHα 321 spectrum with the grid of synthetic templates results in the best fit to T eff = 5250 K and v sin i = 32 km s −1 as reported in Table 3 . No significant change was observed between the radial velocities measured in UES spectra, v rad = -14.4±1.0 km s −1 and in the HIRES spectra (Table 1) .
After the construction of the synthetic template we were able to measure EWs of photospheric lines on both LkHα 321 and template spectrum, as described in Section 3.3. We investigate the dependence of the ratio EW(template)/EW(tts) on the line strength, wavelength, and excitation potential of the lower level of the transition. Figure 5 shows that the amount of veiling in a photospheric line is dependent on the strength of the line in the template spectrum (corresponding to a spectral type G8). The dependence remains even if we adopt an earlier spectral type, G0. In this case the average level of veiling becomes lower. However, some lines in LkHα 321 are stronger than in a G0 template, which results in a false negative veiling and indicates that an inappropriate template star has been chosen. On the other hand, the lower limit of the spectral type is K1, because the low-excitation (0-1 eV) lines of neutrals are absent in the observed spectrum. Therefore, the dependence of veiling on line strength, shown in Figure 5 , is quite robust against any inappropriate spectral type determination.
The main result is that the strongest transitions are most affected by the veiling. We do not find any veiling dependence either on excitation potential or wavelength ( Figure 5 ). In this spectrum, the broad emission lines are unlikely to cause the line-dependent veiling. The weak broad emission can be noticed starting from EW of about 100 mÅ in the template spectrum, while the veiling is already strong in these lines. There must be another cause of the veiling. Although the photospheric line width is relatively large (v sin i = 32 km s −1 ), we do not see narrow emission cores there, like those observed in S CrA SE (Gahm et al. 2008 ) and modelled by Dodin & Lamzin (2012) .
V1331 Cyg
The unusually strong emission and wind features in V1331 Cyg make it similar to the pre-outburst spectrum of the FU Orionis type star (FUor) V1057 Cyg. For that reason, V1331 Cyg was considered as a possible pre-outburst FUor (Welin 1976 ). The star is viewed pole-on with a collimated outflow (jet) towards the observer (Mundt 1984; Mundt & Eislöffel 1998) . Furthermore, the star is surrounded by ring-like nebulae, which might be made up of remnants of powerful mass-loss events in the past (Kuhi 1964; Mundt & Eislöffel 1998; Quanz et al. 2007; Choudhary et al. 2016 ). The Keck spectra of V1331 Cyg, used in our research, was previously analysed by Petrov & Babina (2014) and , where the presence of the line-dependent veiling was demonstrated. In addition, the spectral type of G7-K0IV, log g ∼ 3.5 dex, radial velocity v rad = -15.0 km s −1 and a small vsini < 6 km s −1 were derived from the photospheric lines. From the analysis of the forbidden line profiles and the blue-shifted "shell" components of strong permitted lines, it was proved that the star is viewed through the jet . The forbidden line of [O i] 6300 Å has a strong central peak and a blue-shifted one at -235 km s −1 . The star varies in brightness within V = 11.7-12.5 (Kolotilov 1983; Shevchenko et al. 1991) and to the best of our knowledge no period related with rotation has been reported. Hamann & Persson (1992) The radial velocity of the star is the same in both spectra and slightly smaller in the UES spectra obtained in 1998, v rad = -16.8±0.3 km s −1 . Spectral type analysis for V1331 Cyg places this star between the synthetic spectra with T eff = 5250 K and 5000 K, making it a G7IV-K1IV star (Table 1 ). This result is consistent with previous determinations by Petrov & Babina (2014) . The complete set of parameters for the V1331 Cyg synthetic template are listed in Table 3 .
In Figure 6 we present the dependence of the ratio EW(template)/EW(tts) on the line strength, wavelength, and excitation potential of the lower level of the transition for V1331 Cyg. The top panel in Figure 6 is similar to that obtained by , where spectra of real stars were used as templates. Also, there is no dependence of the ratio EW(template)/EW(tts) on wavelength or excitation potential. The gaps along the wavelength scale on the middle panel of Figure 6 reflect the regions of intense emission lines and gaps between spectral orders.
AS 353A
The star AS 353A belongs to the Aquila star forming region. The distance is estimated as d = 150 ± 50 pc (Prato et al. 2003; Rice et al. 2006) . It is a mixed system with a primary cTTS, AS 353A, and a secondary wTTS, AS 353B. The secondary, located at 5.6" of the primary, is resolved into a subarcsecond binary, AS 353 Ba and Bb, separated by 0.24" (Tokunaga et al. 2004) .
The star AS 353A has a rich emission line spectrum with strong blue-shifted absorptions in all the Balmer lines, indicating a powerful outflow (Herbig & Jones 1983 ; Eisloeffel et al. Basri & Batalha (1990) estimated the spectral type K2 from the optical spectroscopy. This was later confirmed from the Kband spectroscopy (Tokunaga et al. 2004) . From the H-band spectroscopy, Rice et al. (2006) derived the following parameters for AS 353A: spectral type K5, v sin i = 10 km s −1 , and stellar radial velocity v rad = -11.4 ± 1.1 km s −1 . The stellar bolometric luminosity is log(L * /L ) = 0.4 (Tokunaga et al. 2004) . Photometric variability within 0.86 mag in V was observed by Fernandez & Eiroa (1996) . No periodicity related to stellar rotation was reported. Our spectral type analysis placed AS 353A between the synthetic templates with T eff = 4900 K and 5100 K, corresponding to a K0 IV -K1 IV star. The complete information about the AS 353A synthetic template can be found in Table 3 . From the HIRES spectra we measured similar radial velocity to that given by Rice et al. (2006) (see Table 1 ), but in the UES spectra we found higher velocity, v rad = -8.0±0.2 km s −1 . This star also shows dependence of the ratio EW(template)/EW(tts) on the line strength (Fig. 7) . Again, we found no correlation between the ratio EW(template)/EW(tts) with wavelength and excitation potential of the lower level of the transition. The spectrum of AS 353A is remarkable in the combination of the narrow photospheric lines, v sin i < 6 km s −1 , and the broad emissions of metals, FWHM ∼ 150 km s −1 (Fig. 9 ). This makes clear the presence of the photospheric lines on top of the broad emissions.
Discussion
Three possible sources of veiling were considered in the literature: 1) the veiling continuum radiated by a hot spot(s) at the base of accretion funnel(s) (e.g. Basri & Batalha 1990) , 2) narrow emission lines originating from the post-shocked gas (Dodin & Lamzin 2012) , and 3) broad emission lines originating in the infalling pre-shocked gas within the magnetosphere (SiciliaAguilar et al. 2015) .
In all of our objects the different spectral lines show different veiling, with a clear dependence of veiling on the strength of transition. This cannot be explained entirely with the traditional model of a hot spot radiating the veiling continuum. The three cTTS discussed here are outstanding due to their high luminosity and high accretion rates, therefore the origin of the veiling may not be necessarily the same as in a moderately accreting cTTS. In the following we consider in more detail the possible sources of veiling.
Broad emission
Line-dependent veiling was investigated by Sicilia-Aguilar et al. (2015) from the spectral analysis of the EXor EX Lup in quiescence time. The authors suggested that broad emission lines, originating from the pre-shocked material, can fill in the photospheric absorptions, thus resulting in line-dependent veiling. We examined whether this interpretation may be applied for our three stars.
In AS 353A and LkHα 321, the broad emission lines of metals are much broader than the corresponding photospheric lines (see Figures 8 and 9 ). The photospheric counterparts of the broad emissions of neutral metals (mostly Fe i) are well seen on top of the emissions and are reduced in depth by about the same factor as the other strong photospheric lines without the broad emission component. It means that the broad emission component does not contribute considerably to the line-dependent veiling. The observed profile is just a sum of the optically thin broad emission and the underlying photospheric absorption. The only way the broad emission can affect the photospheric lines is that blends of the broad emissions may form an additional local pseudo continuum. In our analysis of the veiled photospheric lines, we avoided those lines which might be contaminated by such blends.
The third of our objects, V1331 Cyg, is remarkable for its pole-on orientation towards the observer. The low excitation 
Photospheric hot spot
Our results, presented above, show that the veiling continuum can be quantified only by the weak photospheric lines. Measur- ing the weakest lines, we probed the deepest layers of line formation. We also found that the veiling continuum determination is affected by the spectral resolution and S/N level. The spectra with lower resolution and/or poor S/N ratio lead to an overestimation of the veiling continuum.
The hot spot hypothesis assumes that the accretion luminosity and the veiling continuum can be explained as being due to radiation of a hot spot, with temperature T spot , and a filling factor, f , representing the relative size of hot spot region with respect to the stellar surface. The accretion luminosity can be estimated from the observed emission lines. It has been shown that L acc is well correlated with the line luminosity, L line , of several emission lines, though the uncertainties in the empirical relations are in some cases high (e.g Fang et al. (2009); Rigliaco et al. (2012) ; Alcalá et al. (2014) and references therein). In our study we opted for the empirical relations L acc − L line obtained by Alcalá et al. (2014) , which span a larger range in mass. In our sample of very active cTTS, the Hα and Hβ emissions are not good indicators because of the large optical depth and strong P Cygni profiles, which remove the blue emission wings of those lines (as seen in Figure 1) . Therefore, we assume that the He i 5876 Å line is more reliable to estimate the accretion luminosity.
We first determine the ratio L line /L star through the equation
where L star is the stellar bolometric luminosity, F cont is the stellar continuum flux density at the wavelength of the He I line, EW is the equivalent width of the He i emission, and VC is the veiling continuum near the He i line.
The ratio F cont /L star is obtained using the adequate template spectra selected from the stellar spectral flux library by Pickles (1998) . The library covers the spectral range 1150 -25000 Å, and a blackbody at the star temperature is added to simulate the continuum level at wavelengths longer than 2.5 µm for a better determination of L star .
The ratio L line /L star is converted to L acc /L star using the relationship obtained by Alcalá et al. (2014) and the mass accretion rate determined from the equatioṅ
where R * and M * are the star radius and mass, respectively, reported in Table 1 , and R in is the inner disk radius taken as 3R * in our calculation. Table 4 displays the final results, including the veiling continuum estimated from the plots EW/EW versus wavelength, the He i line, and accretion luminosities used for the mass accretion rate determination.
We have also checked that the accretion luminosities and the veiling continuum reported in Table 4 are consistent with the hot spot hypothesis. Within the used spectral range (4350 -6750 Å), we do not see dependence of the veiling continuum on wavelength, which makes the estimation of the hot spot(s) temperature more difficult. We may only assert that temperatures higher than 10000 K for the spots are not expected, otherwise the slope in the plots EW/EW versus wavelength would be more pronounced.
If we consider the typical spot temperatures for cTTS in the range 6000 -8000 K (Calvet & Gullbring 1998) and assuming blackbody emission from the spot, we may infer the spot filling factor in our stars by using the equation:
where T star is the effective temperature of the star. We get filling factor values between 1 and 3 % for V1331 Cyg 7, 20 % for AS 353A, and below 1 % for LkHα 321. The filling factor for AS 353A seems to be unusually large, which may be caused by an overestimated veiling continuum for this star.
Accretion-powered chromosphere
The dependence of veiling on the strength of transition indicates that the origin of this veiling is related to a drastic change in the stellar atmosphere structure due to accretion. The upper layers of the stellar atmosphere are most affected by the hard radiation of the shock wave located above. Therefore, at a given accreting mass flux the cores of strong lines will be mostly affected, while the weakest lines formed in the deeper layers remain still unchanged. In this situation, only the weakest lines may be used as a measure of the veiling continuum. Dodin & Lamzin (2012) considered a model of veiling by lines, where the narrow emission lines, radiated in the post-shock region, contribute to the veiling along with the continuum radiation from the hot spot. The model showed that the veiling by lines prevails in cTTS with a moderate accretion flux, while with increasing accretion flux the veiling continuum becomes the most important. Our results do not contradict this prediction: the relative contribution of the veiling continuum is greater in AS 353A, where L acc /L star is the largest of the three stars.
If the line-dependent veiling is caused by the emission lines radiated in a small post-shock region, which is hotter than the surrounding undisturbed photosphere, one would expect an emission core in the strongest lines and/or a dependence of veiling on the excitation potential. None of our objects reveals the dependence of veiling on excitation potential, probably because of the large scatter of points on the diagrams.
In AS 353A and V1331 Cyg, the v sin i is too small to resolve the details in a photospheric line profile. However, in the case of LkHα 321, the v sin i is larger and we can conclude from the absence of a narrow emission core in relatively broad photospheric lines that the line emission is not concentrated in a single spot but spread over a larger area above the visible stellar surface. A time series of spectral observations of this star would reveal probable variations in the photospheric line profiles. The mapping of magnetic field, cool spots, and emission line areas on the stellar surface was done for several cTTS (see Donati et al. (2013) ; Johnstone et al. (2014) , and references therein). In all cases there is an axial asymmetry in the distribution of the emission line areas.
In LkHα 321 the line width is large enough to apply Doppler imaging. In V1331 Cyg and AS 353A, where the photospheric lines are so narrow, it is still possible to look for variations in radial velocity caused by a passage of the presumable hot spot(s) across the visible stellar surface. So far we can only assert that there is no change in the radial velocity of V1331 Cyg within ± 0.3 km s Article number, page 9 of 10 A&A proofs: manuscript no. linedependent_veiling_arxiv Notes. VC is the veiling continuum at the wavelength of the He i line.
The most intriguing is that of LkHα 321, where the veiling continuum is absent, but the line-dependent veiling is large. A similar effect was observed in DR Tau (Petrov et al 2011) . In that star both the veiling continuum and the line-dependent veiling vary from night to night. When the veiling continuum disappears, the line-dependent veiling remains, although at a reduced level. It was interpreted as an accretion-powered chromosphere. At a given infall velocity, the accretion energy flux is proportional to the density of infalling gas. At lower density the photosphere is not affected, while the upper layers of atmosphere are heated, thus giving rise to chromospheric-like emissions filling in the photospheric absorptions.
Yet one more consideration concerns the magnetic field structure. The Zeeman Doppler Imaging technique enables us to restore the large-scale topology of the stellar magnetic field in cTTS (e.g. Johnstone et al. (2014) ). So far, the Sun is the only star for which the small-scale (down to megameters) structures of magnetic fields have been investigated. It was found that the solar magnetic field has a fractal (scale-invariant) structure (Abramenko 2008) . In fact, we expect that the local magnetic fields in cTTS within any small fraction of stellar surface may be as complex as in the Sun. In the framework of the magnetospheric accretion model, the shock front is supposed to be a confined area over a small fraction of the stellar surface. One can imagine that as the ionized infalling gas approaches the star, it meets more complicated magnetic structures and finally enters the stellar atmosphere at the dividing lines between the local closed fields. How would this alter the shock structure and the heating of the underlying photosphere? These small-scale processes may be important in the manifestation of the observed consequences of accretion.
Conclusions
The analysis of spectra of three very active cTTS of low to intermediate mass show that veiling consists of two components: a line-dependent veiling and the veiling continuum. Those two components are visible when the ratios of equivalent widths of nearby lines between template and TTS are plotted against the line strength on the template. Stronger lines are more veiled than weaker lines, regardless of wavelength and excitation potential. The veiling continuum was determined from the ratio of the weakest lines and the accretion luminosities from the He I line emission. In the three studied stars, we found that the photospheric line veiling is dominated by the line-dependent component, while the veiling continuum is a minor contributor. We conclude that the observed veiling on the photospheric lines of LkHα 321, AS 353A, and V1331 Cyg is composed of a linedependent veiling with its origin in an abnormal structure of stellar atmosphere being heated up by the accreting matter and a veiling continuum radiated by a hot spot with temperature lower than 10000 K.
